Introduction

1
indicating that the mbdA gene is not essential for the anaerobic catabolism of m-xylene.
On the other hand, the mbdA gene product shows a significant amino acid sequence 2 identity with aromatic acid-CoA ligases ( Table 1 ), suggesting that it corresponds to the 3 3-methylbenzoate-CoA ligase required for the initial activation of 3-methylbenzoate to 4 3-methylbenzoyl-CoA, a metabolic step that is dispensable to degrade the 3-5 methylbenzoyl-CoA generated directly from the m-xylene peripheral pathway (Krieger 6 et al., 1999) .
7
The mbdA gene from Azoarcus sp. CIB was PCR amplified and cloned under 8 control of the Plac promoter into a pUC19 vector, producing plasmid pUCmbdA ( Table   9 2). Cell extracts from an Escherichia coli DH10B strain harboring plasmid pUCmbdA branch within the benzoate-CoA ligase group (Fig. S1 ).
12
In some denitrifying bacteria, such as Thauera and Magnetospirillum strains 13 (Schüle et al., 2003; Kawaguchi et al., 2006) , the same benzoate-CoA ligase may be 14 shared by different degradation pathways, e.g., BclA activates benzoate aerobically and 15 anaerobically but also catalyses 2-aminobenzoyl-CoA formation in T. aromatica 16 (Schüle et al., 2003) . In contrast, in other denitrifying microorganisms, such as
17
Azoarcus/"Aromatoleum" strains (Rabus et al., 2005; Carmona et al., 2009) , as well as 18 in the phototroph R. palustris (Egland et al., 1995) , every catabolic cluster appears to 19 have its own specific CoA ligase gene, e.g., the bzdA and bclA genes from the anaerobic 20 and aerobic benzoate degradation clusters, respectively (López-Barragán et al., 2004a; 21 Valderrama et al., 2012) , and the mbdA gene from the anaerobic 3-methylbenzoate closely related microorganisms.
Identification of the 3-methylbenzoyl-CoA reductase activity 1
The amino acid sequence analysis of the mbdONQP gene products shows that they have 2 significant similarities with the β, γ, α and δ subunits, respectively, of the class I BCRs 3 from T. aromatica and R. palustris strains (Table 1) (Table 3) . These results confirm the existence of an inducible 3-methylbenzoyl-CoA 17 reductase activity in Azoarcus sp. CIB, and strongly suggest that the mbdONQP genes 18 are responsible for this activity. Based on the typical retention times of the dienoyl-
19
CoA/benzoyl-CoA compounds (Fig. 3) , and their characteristic UV/VIS spectra ( Table 3 ), and cells grown on benzoate were able to reduce 3-methylbenzoyl-CoA (Table   5 3), suggesting that both reductases were able to catalyze both aryl-CoA conversions. were capable to reduce both 3-methylbenzoyl-CoA and benzoyl-CoA (Table 3) , these 12 results strongly suggest that BCR and the 3-methylbenzoyl-CoA reductase from
13
Azoarcus sp. CIB are isoenzymes that reduce both benzoyl-CoA and 3-methylbenzoyl-
14
CoA. This finding agrees with earlier observations that purified BCR from T. aromatica 15 was able to reduce 3-methylbenzoyl-CoA (Möbitz and Boll, 2002 the Azoarcus-subclass of BCRs (Fig. S6) . Interestingly, the four subunits of the Mbd 5 reductase cluster with the equivalent subunits of the recently described 4- The mbd cluster also contains the mbdM and the korA2B2 genes that encode 10 proteins with significant similarity to the BCR-associated ferredoxin and the two- 14
Conclusions
15
The comparative genomic, biochemical and genetic data presented in this work revealed but not m-xylene as a hydrocarbon substrate (Widdel et al., 2010) . This agrees also with 3 the finding that most presently known anaerobic benzoate degraders do not grow using 4 3-methylbenzoate as carbon source (Song et al., 2001; Carmona et al., 2009) .
5
Although the genetic organization of the mbd cluster has been elucidated and a 6 specific regulatory gene (mbdR) has been proposed, further work needs to be done to 7 characterize at the molecular level the regulatory system that controls the expression of 8 this new anaerobic central pathway.
9
Experimental procedures
10
Bacterial strains, plasmids and growth conditions
11
The bacterial strains as well as the plasmids used in this work are listed in The intergenic region between mbdO and mbdB1 genes, the P B1 promoter region, was 21 PCR-amplified using the PmbdB1KpnI/PmbdB1XbaI primers detailed in The recombinant pETmbdW plasmid (Table 2) 20.000 g for 20 min at 4ºC, and the resulting supernatant was used as crude cell extract.
18
The MbdW-His 6 protein was purified from the crude cell extract by a single-step Ni- performed by preparative HPLC (Laempe et al., 1999) .
CoA ligase assays 1
CoA ligase activities were assayed using E. coli DH10B (pUCmbdA) cells (Table 2) determined at 30 ºC through a direct spectrophotometric assay or via a coupled assay.
10
For the direct assay, the reaction mixture (600 μl) contained 100 mM Tris-HCl (pH 8.5), et al., 2007) . The technical variance of the assays is maximal 15%.
6
(Methyl)cyclohex-1,5-diene-1-carbonyl-CoA hydratase activity was also measured in a 7 continuous spectrophotometric assay at 320 nm as reported previously using the BamR 8 hydratase from S. aciditrophicus as control (Laempe et al., 1998; Peters et al., 2007) . ligase activity values were determined by using the coupled assay described in shows the reaction assay at the beginning (upper) and after 5 min incubation (lower).
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A. Time-dependent reduction of 3-methylbenzoyl-CoA (0.2 mM).
92
B. Time-dependent reduction of benzoyl-CoA (0.2 mM)..
93
The compounds shown are: 2, 3-methylbenzoyl-CoA; 2´, benzoyl-CoA; 3, methyl- and after 1 min incubation (lower) with purified MbdW-His 6 protein (0.7 μM).
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A. Time-dependent dehydration of methyl-6-hydroxycyclohex-1-ene-1-carbonyl-CoA
101
(methyl-6-hydroxymonoenoyl-CoA) (0.5 mM).
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B. Time-dependent dehydration of 6-hydroxycyclohex-1-ene-1-carbonyl-CoA (6-103 hydroxymonoenoyl-CoA) (0.5 mM).
104
The main peaks of the chromatograms are indicated: 4, methyl-6-hydroxymonoenoyl-
105
CoA; 3, methyl-dienoyl-CoA; 4´, 6-hydroxymonoenoyl-CoA; 3´, dienoyl-CoA. Table S1 . Lanes M, molecular size markers (HaeIII-digested ΦX174 127 DNA). Numbers on the left represent the sizes of the markers (in bp). 
